We present results from a comprehensive imaging survey of 70 radio galaxies at redshifts 1 < z < 5.2 using all three cameras onboard the Spitzer Space Telescope. The resulting spectral energy distributions unambiguously show a stellar population in 46 sources and hot dust emission associated with the active nucleus in 59. Using a new restframe S 3 µm /S 1.6 µm versus S 5 µm /S 3 µm criterion, we identify 42 sources where the restframe 1.6 µm emission from the stellar population can be measured. For these radio galaxies, the median stellar mass is high, 2 × 10 11 M ⊙ , and remarkably constant within the range 1 < z < 3. At z > 3, there is tentative evidence for a factor of two decrease in stellar mass. This suggests that radio galaxies have assembled the bulk of their stellar mass by z ∼ 3, but confirmation by more detailed decomposition of stellar and AGN emission is needed.
INTRODUCTION
Across cosmic time, powerful radio sources are robust beacons of the most massive galaxies in the Universe. At low redshift, this has been known since the first visible counterparts of extragalactic radio sources were shown to be giant elliptical (gE and cD) galaxies (Matthews et al. 1964) . In the more distant Universe, indirect evidence for this correlation initially came from a variety of observations, including the near-IR r 1/4 light profiles of high redshift radio galaxies (HzRGs) at 1 z 2 in Hubble Space Telescope images (e.g., Pentericci et al. 2000; Zirm et al. 2003) and the tendency for HzRGs to reside in moderately rich (proto-)cluster environments (e.g., Venemans et al. 2007; Galametz et al. 2010) . The most direct evidence comes from the remarkably tight scatter of the observed K-band magnitudes of HzRGs in the Hubble K-z diagram (e.g., Lilly & Longair 1984; Eales et al. 1997; Best et al. 1998; Jarvis et al. 2001; De Breuck et al. 2002; Willott et al. 2003; Rocca-Volmerange et al. 2004; Brookes et al. 2006; Bryant et al. 2009 ). Assuming that the observed-frame K-band light is dominated by emission from old stellar populations, these studies put HzRGs at the top end of the stellar mass function out to z = 5.2. However, this assumption is uncertain due to large band-shifting effects and remaining contributions from the AGN and young stellar populations, which undoubtedly contribute to the observed K-band magnitudes particularly at the highest redshifts where the observed K-band measures rest-frame UV light. As Seymour et al. (2007, hereafter S07) argued in the precursor to this paper, the only solution to minimize these uncertainties is to observe at longer wavelengths with the Spitzer Space Telescope. Such observations avoid k-correction effects by consistently observing the same restframe wavelengths where the old stellar population peaks. S07 argued that the restframe H-band luminosity (corrected for non-stellar emission) is the most efficacious band for deriving stellar masses because it corresponds to the minimum in the opacity of the H − ion (e.g., John 1988) and is associated with a bump in the stellar population SED for almost all stellar populations (e.g., Simpson & Eisenhardt 1999 , see S07 for details).
The initial observations for our program, the Spitzer High-Redshift Radio Galaxy or SHzRG project, were ob-tained during Spitzer Cycle 1 (Program ID 3329) and involved mid-IR (λ > 3.5 µm) imaging of 70 HzRGs at 1 < z < 5.2. S07 reported the sample selection, data processing, and initial results from the full survey. Using imaging from all three instruments on Spitzer, S07 decomposed the restframe visible to infrared spectral energy distributions (SEDs) of HzRGs into stellar, AGN, and dust components and determined the contribution of host galaxy stellar emission at restframe H-band to derive stellar masses. S07 found that >60% of restframe H-band light is from stars for the majority of well-studied HzRGs. As expected from unified models of AGNs, the fraction of restframe H-band luminosity due to stars is not correlated with redshift, radio luminosity, or restframe mid-IR (5 µm) luminosity. In addition, while the stellar H-band luminosity was not found to vary with stellar fraction, the total H-band luminosity was found to anti-correlate with stellar fraction, as expected if the underlying HzRG hosts comprise a homogeneous population. From a comparison with predicted luminosities from stellar evolution models, S07 found that the HzRG restframe H-band stellar luminosities imply host stellar masses of 10 11 -10 11.5 M ⊙ for HzRGs, even at the highest redshifts, implying an early formation epoch for these massive galaxies. However, with a large fraction of the sources poorly sampled longward of observed 8 µm, many of the results of S07 were based on upper limits or on the subset of galaxies with well-sampled SEDs.
In addition to the comprehensive results presented by S07, our SHzRG observations have been used to complement samples of lower redshift radio galaxies (e.g., Haas et al. 2008) and to explore HzRG environments (e.g., Galametz et al. 2009; Doherty et al. 2010; Galametz et al. 2010; Kuiper et al. 2010; Tanaka et al. 2010) . The legacy value of the SHzRG program is also seen in the numerous studies of individual HzRGs which have drawn upon the SHzRG data set -e.g., Stern et al. (2006; LBDS 53W091) , Villar-Martín et al. (2006; MRC 2104−242) , Broderick et al. (2007; PKS 0529−549) , Greve et al. (2007; 4C 41.17) , Ivison et al. (2008; 4C 60 .07), Nesvadba et al. (2009; USS 0828+193) , Smith et al. (2010; TXS J1908+7220), and De Breuck et al. (in prep.; 4C 23.56) . Follow-up mid-IR spectroscopy of two SHzRG targets (4C 23.56 and 4C 72.26 ) is also reported by Seymour et al. (2008) . This paper reports the results of a Cycle 4 GTO program (Program ID 40093) to complete the Spitzer observations of the SHzRG sample. The observations presented here entail complete six-band 3.6 to 24 µm mid-IR imaging photometry for the entire SHzRG sample using all three instruments on-board Spitzer. In addition, new radio observations complete the radio morphological parameters for our sample. Throughout we assume a concordance model of Universe expansion with Ω M = 1−Ω Λ = 0.3, Ω 0 = 1, and H 0 = 70 km s −1 Mpc −1 . Infrared luminosities presented in this paper are of the form νL ν /L ⊙ , where L ⊙ = 3.9 × 10 26 W. Following common practice, radio luminosities at 500 MHz and 3 GHz are expressed as monochromatic luminosity densities.
DATA

Sample
The SHzRG sample was described in detail by S07 and is listed in Table 1 . In short, we selected 69 powerful radio galaxies 9 from the literature covering a uniform range in both redshift (requiring z > 1) and 3 GHz restframe luminosity. In practice, all z > 3.5 radio galaxies known in 2004 February were included in our sample. As no low-power radio sources are known as yet at the highest redshifts, we unfortunately are unable to study radio power dependence at z 3. At lower redshifts, we preferentially selected those sources with the most supporting data. During Cycle 1, we inadvertently observed MRC 0211−256 (z = 1.300) instead of TXS 0211−122 (z = 2.340). As the latter is a wellstudied radio galaxy with supporting Hubble Space Telescope data Pentericci et al. 2001; Vernet et al. 2001) , we have added this source to our sample in Cycle 4, which thus now contains 70 radio galaxies at 1.0 < z < 5.2. Restframe 3 GHz luminosity plotted against restframe 500 MHz luminosity. The low scatter shows that the contribution by Doppler-boosted radio emission in our sample is nearly always negligible. The solid line shows spectral index α = −1.0, typical of the radio galaxies in our sample.
We initially calculated the radio luminosities at a restframe frequency of 3 GHz in order to be able to interpolate between the all-sky, low-frequency (327/352, 365 and 1400 MHz) radio surveys available at the time of our Cycle 1 proposal (Rengelink et al. 1997; Douglas et al. 1996; Condon et al. 1998) . Since then, the 74 MHz VLA Low Frequency Survey (VLSS; Cohen et al. 2007 ) has been completed, covering the entire sky at δ > −30
• . Following Miley & De Breuck (2008) , we therefore now also calculate restframe 500 MHz luminosities for our sample using the VLSS and the NRAO VLA Sky Survey (NVSS; Condon et al. 1998) 10 . Table 2 lists both the 500 MHz and 3 GHz restframe radio luminosities. The median flux ratio between the two frequencies is 6.3 for our sample (see Fig. 1 ), corresponding to a spectral index α = −1.0 (S ν ∝ ν α ). This steeper-than-average spectral index reflects the steep spectrum selection criteria adopted in most of the parent samples from which our targets were drawn. Figure 2 revisits the radio power-redshift plane used in the definition of our sample. Compared to the 3 GHz luminosity versus redshift plot (bottom panel), there is a slightly larger degeneracy with L 500 MHz (top panel), particularly at z > 3.5 and z < 2. Our sample still contains sources with log(L 500 MHz ) ∼ 28.5 throughout the redshift range 1 < z < 4.5 but covers only ∼1 dex at a given redshift. As argued by S07, we do not expect Doppler-boosted emission to significantly contribute in our sample, even at restframe 3 GHz. However, in this paper we will use the 500 MHz rather than the 3 GHz luminosities because emission at the lower frequency is expected to be more nearly isotropic (e.g., Blundell et al. 1998) . Restframe 500 MHz (top) and 3 GHz (bottom) luminosity plotted against redshift. Redshift and radio power are more degenerate at 500 MHz.
2.2. Spitzer observations Our Cycle 1 SHzRG observations used a combination of the imaging modes for all three instruments onboard Spitzer. We observed (i) all 69 sources from our (initial) sample in all four bands 11 -3.6, 4.5, 5.8 and 8.0 µm -of the Infrared Array Camera (IRAC; Fazio et al. 2004) , (ii) all 46 sources at z > 2 using the 16 µm peak-up imaging camera of the InfraRed Spectrograph (IRS; Houck et al. 2004) , and (iii) all 26 sources with "low" predicted mid-IR background (S 24 µm < 20 MJy sr −1 ) in all three bands -24, 70, and 160 µm -of the Multiband Imaging Photometer for Spitzer (MIPS; Rieke et al. 2004 ). The Cycle 4 program completes the full six-band 3.6 to 24 µm used the 325 MHz Westerbork Northern Sky Survey (WENSS; Rengelink et al. 1997) or the 365 MHz Texas survey (Douglas et al. 1996) .
11 With the exception of 3C 65, which was only observed in the 3.6 and 5.8 µm bands (see S07). As the source is dominated by hot dust emission at λ obs = 5.8 µm, we did not re-observe it at 4.5 and 8.0 µm during Cycle 4 photometry. (GO and GTO) and are included here as part of the SHzRG sample. We now describe the Cycle 4 SHzRG program in more detail. Table 3 lists the full six-band photometry for our sample, and Appendix A shows the individual SEDs.
IRAC: We observed only TXS 0211−122 (see §2.1) with IRAC during Cycle 4. The observations were identical to our Cycle 1 program, consisting of four dithered exposures in each of the channels. Data reduction followed the methods described by S07 except that we used IRAC pipeline version 16.1 instead of 13.2. As there are no calibration differences between the pipelines, we did not re-reduce the other IRAC data.
IRS: We observed the 24 z < 2 objects using the 16 µm peak-up imaging camera of IRS. During Cycle 1, this observing mode was not officially supported, and we used an experimental double nodding sequence. For the new Cycle 4 observations, we switched to the more efficient peak-up astronomical observing template consisting of five random positions of 30 s ramp duration each. To ensure a fair comparison between our Cycle 1 and Cycle 4 photometry, we re-obtained all our data from the Spitzer archive (pipeline version S16.0.0) and re-mosaiced the data with MOPEX. Since the Cycle 1 data consisted of just two exposures, we mosaiced the difference images after subtracting a median to remove the background (including residual images in a few cases). The final images were resampled on a grid with 1.
′′ 8×1. ′′ 8 pixels. We extracted the fluxes in circular apertures with a 6-pixel radius and a background subtraction annulus between 6 and 10.7 pixels. We applied an aperture correction of 1.154 to our photometry to obtain total fluxes 12 . The new fluxes listed in Table 3 are on average 50 % higher than the one published by S07 due to the improved calibration.
MIPS: Our Cycle 1 observations gave a low detection rate in the MIPS 70 µm imaging (five out of 24: 21%) and no detections at 160 µm. The 44 HzRGs not observed with MIPS during Cycle 1 were omitted because of the larger predicted background emission (S 24 µm > 20 MJy sr −1 , see S07) at their positions. Because of the low detection rate at 70 and 160 µm and the higher expected background emission due to zodiacal and Galactic cirrus emission, an observing request aimed at detecting our complete sample at these wavelength was considered impractical. We therefore decided to concentrate on 24 µm imaging during Cycle 4. To compensate for the higher expected sky background, the new 24 µm observations consisted of two cycles of 30 s exposures each (totaling 28 individual images compared to a single cycle, i.e., 14 images, in our Cycle 1 observations). One radio galaxy, MRC 0156−252, was not observed before the end of the Spitzer cryogenic mission. To ensure a fair comparison of flux densities between Cycles 1 and 4, we re-obtained the data from the archive (pipeline version S16.1.0) and mosaiced and derived photometry in the Restframe luminosity density of the Spitzer data in our sample. The red triangles show the average 3CRR radio galaxy SED and the blue diamonds the average quasar SED from Leipski et al. (2010) , both based on objects with 1 < z < 1.4 and normalized to radio flux density. The green solid line is the mean SED of all SDSS (visible color selected, radio quiet) type-1 AGNs from Richards et al. (2006) normalized to 0.08 mJy at 2500Å. same fashion as S07. Sources with predicted sky background levels S 24 µm > 40 MJy,sr −1 are affected by strong remaining gradients in the combined images. While such fields are not appropriate to study the environment of the HzRGs (Mayo et al., in prep.) , the images can still be used to obtain reliable photometry for the central radio galaxies. The one exception is 5C 7.269, the source with the highest observed background level in our sample (S 24 µm = 65 MJy,sr −1 ), which saturated the MIPS detector.
New radio data
Of the 70 sources in our SHzRG sample, 49 already had high resolution (0.
′′ 5) radio maps available from the Very Large Array (VLA; Napier et al. 1983) or the Australia Telescope Compact Array (ATCA ; Frater Brooks & Whiteoak 1992) . Most of these observations are contained in the compendia published by Carilli et al. (1997) and Pentericci et al. (2000) . To complete the radio observations for our sample, we observed the remaining 21 sources with the VLA in the A configuration between 2006 February 20 and 2006 March 16 (observing project ID AD520) . For consistency, we used the same observational setup as Carilli et al. (1997) and Pentericci et al. (2000) ; i.e., 10 to 40 min of snapshot observations in C-band (4.86 GHz) and 20 to 80 min in Xband (8.46 GHz). We followed the standard calibration and imaging reduction steps in the Astronomical Imaging Processing System (AIPS) and the Common Astronomy Software Applications (CASA). Table 2 summarizes the archival and new radio data for our sample. We classified the radio structures into three classes: S = single component (i.e., spatially unresolved sources); D = double component sources without a core detection; and T = core-detected, resolved sources, which are generally triple component sources with a core and two radio lobes. For all sources, we measured the largest angular size θ ) of the radio structure. For sources with a core detection, we list the core fraction at a restframe frequency of 20 GHz, CF 20 (following the definition of Carilli et al. 1997) . Appendix B shows contour plots of the new radio data.
MID-IR SPECTRAL ENERGY DISTRIBUTIONS
3.1. Mean HzRG SED As our Spitzer survey presents the largest collection of mid-IR photometry of targeted, high-redshift type 2 AGNs, we first examine the general trends in their SEDs. Figure 3 shows the restframe infrared luminosity densities from our Spitzer photometry. There is a scatter of ∼2 dex at any given rest wavelength with a notable exception around λ rest = 1.6 µm, where the scatter decreases to 1.5 dex. This wavelength corresponds to the peak in old stellar populations (e.g., Sawicki 2002) , and the decreased scatter suggests that the stellar population dominates the SEDs at this wavelength. The 1.6 µm peak is most pronounced in the lowest luminosity objects and tends to become less obvious in sources with greater mid-IR luminosity. Almost all the SEDs show a sharp rise at λ rest > 2 µm due to the onset of hot dust emission at longer wavelengths.
The average radio galaxy SED as derived by Leipski et al. (2010) is a good match to our sample, though the most luminous sources have SEDs compatible with either of the two quasar SEDs shown in Figure 3 . The radio galaxy points have a steeper rise between restframe ∼2 and ∼8 µm than the quasar composites. This indicates that the hottest dust emission is highly extincted or absent in radio galaxies, as suggested by orientation unification models (e.g., Ogle et al. 2006; Cleary et al. 2007; Haas et al. 2008; Leipski et al. 2010) . At λ rest < 2 µm, the radio galaxy SEDs are on average about half as luminous as the quasar composite for a given λ rest = 8 µm luminosity density. The radio galaxy SEDs at λ rest < 2 µm are at least as blue as those of the quasars and are consistent with a stellar population rather than hot dust emission. In fact, for many sources a clear dip is seen between the stellar peak at restframe 1.6 µm and the rising dust emission at longer wavelengths. It therefore seems feasible to derive robust stellar masses from our Spitzer photometry, at least for a subset of our sample, though given the large spread in SED shapes, great care needs to be taken to separate stellar and dust emission in each individual galaxy. The next two subsections describe our SED modeling and how well we can separate these components.
SED modeling
We used a slightly updated version of the model described by S07 to fit the Spitzer radio galaxy SEDs. For the host galaxy component, we used elliptical galaxy templates calculated from the PÉGASE 13 spectrophotometric model (Fioc & Rocca-Volmerange 1997) with an assumed formation redshift z form =10 and a Kroupa (2001) initial mass function. (S07 give further details about the template and the influences of changing the IMF, the formation redshift, and the treatment of extinction and thermally pulsing asymptotic giant branch stars.) Templates for individual galaxies differ only in overall stellar mass and in the amount of passive evolution from z = 10 to the individual galaxy redshift. To describe the dust emission, we used a simple model consisting of three pure blackbody components: (i) a T = 60 K component, which was used only for the five sources with 70 µm detections; (ii) a T = 250 K component 14 ; and (iii) a component with 500 < T < 1500 K, where the temperature was a free parameter. This model with four free parameters (five for those sources with 70 µm detections) was fit to our six (or seven) broad-band data points. For sources undetected in the longer wavelength data, we fit a maximum dust emission model through the 3σ upper limit at λ obs = 16 µm or 24 µm, whichever is more sensitive, in order to obtain reliable upper lim-its to the hot dust emission. When the two limits were within 10 % of each other, the maximum dust emission was fitted through both. The contributions from stellar populations at λ obs = 24 µm are expected to be more than an order of magnitude lower than the depth of our MIPS photometry and can therefore be ignored. Physical dust models with a proper treatment of a clumpy torus, viewing angle geometry, and radiative transfer exist in the literature (e.g., Pier & Krolik 1992; Granato et al. 1997; Nenkova et al. 2002; Elitzur & Shlosman 2006; Fritz et al. 2006; Siebenmorgen & Krügel 2007) . However, a detailed analysis using these models would overinterpret our data as the models require mid-IR spectroscopy for a detailed fitting of spectral features. Seymour et al. (2008) presented IRS spectroscopy of two sources from our sample, and further IRS spectroscopy of five sources in our sample will be presented in a future manuscript (J. Rawlings et al. 2011, in prep.) . As these data cover only 10% of our sample, here we use only broad-band photometry and restrict our analysis to separating the stellar and hot dust emission in order to determine interpolated restframe luminosities.
Other components besides dust and stars can contribute to the mid-IR emission. Non-thermal synchrotron emission has been detected in Spitzer/IRS spectroscopy of several 3CR sources (e.g., Cleary et al. 2007; Leipski et al. 2009 ). However, this component is only seen in type 1 AGNs dominated by flat radio spectra. Our radio galaxies have much steeper radio spectral indices (see Fig. 1 ) and have low radio core dominance (see Table 2 ). Miley & De Breuck (2008) showed the SED of 4C 23.56, which is one of the most core-dominated sources in our sample (CF 20 = 14.6%), and even for this galaxy, the synchrotron contribution near the peak of the far-IR SED at λ rest = 50 µm is at least five orders of magnitude lower than the dust emission. We therefore do not consider a synchrotron component in our models.
More important contributions can be expected from mid-IR spectral features such as PAH emission at 7.7 µm and silicate absorption at 9.7 µm. Both of these features have been detected in individual galaxies in our sample (Seymour et al. 2008; Leipski et al. 2010) . However, our photometric bands are wide, and the equivalent width of PAH emission is low compared to the underlying hot dust continuum emission. We therefore do not expect these lines to have a significant effect on our photometry. The silicate feature may have some discernible effect, but as we cover restframe 9.7 µm only for z < 1.5, at most a small subset of our sample can be affected. Furthermore, the composite radio galaxy template of Haas et al. (2008) implies that neither PAH emission nor silicate absorption is expected to have strong effects on the mid-IR SEDs, and thus neither of them is considered in our modeling.
Finally, the Hα emission line shifts into the IRAC 3.6 µm band at z > 3.7 (e.g., Assef et al. 2010 ). In at least one of the seven SHzRG sources at z > 3.7, TN J1338−1942 at z = 4.1, we indeed notice an unusual factor of ∼2 increase in the 3.6 µm photometry compared to the K-band and 4.5 µm points (see Appendix A). We therefore use IRAC 3.6 µm photometry at z > 3.7 only to verify the consistency of our stellar population but not to fit the SED.
Appendix A shows the SEDs including model fitting of the 70 sources in our sample, ordered by increasing red- . Restframe mid-IR color-color diagram. The shaded area marks the region where λrest ≈ 1.6 µm is dominated by hot dust rather than stellar emission. The slanted boundary marks the locus of straight power-law SEDs with −1.8 < α < 0 as labeled. Open squares mark the locations of two well known objects (M82, Arp 220; Devriendt et al. 1999) , the average quasar (QSR) and radio galaxy (RG) SED of Leipski et al. (2010) , the radio-loud (RL) and radio-quiet (RQ) QSO composite of Elvis et al. (1994) , the ultraluminous infrared galaxy (ULIRG) SED of Rieke et al. (2009) , and the PÉGASE galaxy spectrophotometric model described in §3.2.
shift. As already apparent from Fig. 3 , the HzRG SEDs are quite diverse. Some galaxies such as 7C 1751+6809 (z = 1.540) show a clear stellar contribution recognized by a decline in flux density from restframe 1.6 µm to longer wavelengths and a distinct hot dust component steeply rising beyond restframe 3 µm. Other galaxies such as 3C 257 (z = 2.474) or PKS 1138−262 (z = 2.156) have mid-IR SEDs consistent with a power-law. For such sources, we can only derive upper limits to the mass of the host galaxy stellar population. The SED of TXS J1908+7220 (z = 3.530) is dominated by a transmitted quasar continuum (see §4.3.2) and also allows only an upper limit to be derived on the stellar population.
3.3. Separation of stellar and dust emission Spitzer multi-band photometry is a powerful tool to trace the mid-IR emission from AGNs. Various IRAC and MIPS color selection criteria have been designed to identify AGNs (e.g., Ivison et al. 2004; Lacy et al. 2004; Stern et al. 2005; Pope et al. 2008) . S07 showed that 71% and 88% of the SHzRG sources fall within the Stern et al. (2005) and Lacy et al. (2004) IRAC colorcolor AGN selections, respectively. Because 16 sources in our sample have only upper limits in the pivotal 8 µm band, the S 24 µm /S 8 µm versus S 8 µm /S 4.5 µm diagrams of Ivison et al. (2004) and Pope et al. (2008) are not very useful for our sample. These observed-frame color-color selection techniques have two major limitations for our purposes: (1) our sample consists, by definition, of type 2 AGNs, so we are not interested in finding AGNs but rather in determining the AGN contribution relative to the host galaxy; and (2) our sample covers 1 < z < 5.2, while these techniques are not uniformly sensitive over this full redshift range (e.g., Assef et al. 2010 ).
As we have full redshift information for our sample, we set up a new restframe color selection criterion to identify those sources with strong dust contributions at restframe 1.6 µm, where the stellar population peaks. To interpolate the data between our six photometric data points, we used our fitted model (see §3.2). As our bands are wide and often contiguous, the use of this model should not introduce significant interpolation errors as can be seen from the individual SEDs in Appendix A. Haas et al. (2008) introduced a restframe S 3 µm /S 1.6 µm versus S 5 µm /S 8 µm diagram to separate the quasar and radio galaxy SEDs in their 3CR sample at 1 < z < 2.5. We modified this criterion for use at z > 2.5, where MIPS 24 µm photometry only covers out to λ rest 5 µm. On the blue end, the data cover the peak of the stellar emission at λ rest ≤ 1.6 µm for our entire sample. Considering an even bluer λ rest would be possible observationally but would increase the contributions from younger stellar populations (see S07) as well as non-stellar contributions such as scattered quasar emission and nebular emission (see Miley & De Breuck 2008) . We also wanted our criterion to pick up a possible minimum in the SEDs longward of the Rayleigh-Jeans fall-off of the stellar emission at λ rest 2 µm and the onset of the steeply rising, hot dust continuum. While the stellar peak has a unique shape, the dust continuum slope depends on the temperature and obscuration of the hot dust emission. Moreover, the relative offset between the stellar and hot dust components can vary substantially as discussed in §3.1. We therefore identified λ rest = 3 µm as the pivot wavelength for our new criterion. This wavelength is also located centrally between 1.6 and 5 µm, which minimizes the effect of measurement errors on our photometry. Table 4 lists the monochromatic luminosities at 1.6, 3, and 5 µm as derived from our SED fitting. Table 4 also lists the fraction of stellar light at λ rest = 1.6 µm and the stellar masses derived following the procedures of S07. Figure 4 shows the restframe S 3 µm /S 1.6 µm versus S 5 µm /S 3 µm color-color diagram for our sample.
All AGN-dominated SEDs cluster around (S 5 µm /S 3 µm , S 3 µm /S 1.6 µm ) ∼ (1.5, 3). This corresponds to an SED which is still steepening at λ rest < 3 µm, indicative of the warm temperature limit of the dust emission with a possible contribution from extinction (e.g., Haas et al. 2008; Leipski et al. 2010) . Sources with very red SEDs at λ rest < 3 µm (upper left corner in Fig. 4 ) are therefore likely to be dominated by AGN dust emission. Park et al. (2010) showed that Spitzer power law galaxies have 3-24 µm spectral indices −1.8 < α < 0 (S ν ∝ ν α ). We therefore defined the straight power law locus as a boundary in Fig. 4 to separate AGN dust emission and host galaxy (stellar) dominated HzRGs. Sources with α < −1.8 are indicative of strong extinction already in the λ rest = 3-5 µm range and are not expected to have significant remaining dust emission at 1.6 µm. Sources with S 3 µm /S 1.6 µm < 1 are consistent with stellar populations as confirmed by the positions of the PÉGASE and M82 SED in Fig. 4 . Summarized, we defined sources dominated by an AGN at 1.6 µm by the criterion:
Even with our criterion, classification of individual objects is uncertain, especially near the boundaries: (1) measurement errors may shift objects across the boundaries, (2) variations in the interpolation between the bands using the SED model described in §3.2 cause some uncertainties, and (3) contributions from other nonstellar components such as a transmitted or scattered quasar continuum might require a more complex model for some sources (e.g., TXS J1908+7220, see §4.3.2). For individual sources, a more accurate separation would be possible when using additional supporting data such as IRS spectra or multi-band near-IR and visible imaging. This is beyond the scope of the current paper and would also introduce redshift dependence in the results. We are mainly interested in looking for statistical correlations, and our rest-frame color criterion allows a uniform treatment for all sources within our sample.
For 15 sources in our sample (mostly at z > 2), we could obtain only upper limits on the hot dust emission; these were determined from the MIPS 24 µm limits only, as our MIPS images are significantly more sensitive than the IRS 16 µm imaging. However, the IRS and MIPS photometry is sufficiently sensitive to assure that the IRAC detections are dominated by stellar emission (e.g., TN J1338−1942 at z = 4.1). In total, we derived reliable stellar masses for 42 HzRGs (see also §4.1). For the remaining 28 sources, we used the same procedure to correct the λ rest = 1.6 µm flux from the extrapolated hot dust model and fit the stellar template to the remaining photometry. This procedure does become less reliable: the median 1.6 µm stellar fraction of these 28 sources is 0.71 compared to 0.96 for the sources outside the AGNdominated area (see table 4). While the stellar masses may be close to the real ones (especially for sources near the boundary in Fig. 4) , we conservatively treat them as upper limits.
RESULTS
Having identified that both stellar mass and AGNheated dust emission contribute significantly to the nearand mid-IR SEDs of HzRGs, we now examine the correlation between the physical parameters in our sample. In order to properly consider the upper limits in the statistical tests of the significance of correlations, we make use of survival analysis and in particular the generalized Spearman's ρ coefficient (e.g., Isobe et al. 1986) . Results are expressed in terms of the probability P of seeing the observed or a higher value of ρ if the null hypothesis that the data are uncorrelated holds. Thus a small value of P indicates a high likelihood that a correlation exists.
Stellar masses
The original motivation of our Spitzer survey was to derive accurate stellar masses by consistently observing the same restframe wavelength where the old stellar population peaks, which S07 argued is at restframe H-band. Figure 5 updates the HzRG restframe H-band stellar luminosity density-redshift relation. The only difference from the S07 version is that with full IRS and MIPS photometry, we now have a better handle on the hot dust emission, particularly for sources where previously we obtained only upper limits on the stellar masses (see §3.3). The stellar rest-frame H-band luminosity shows no correlation with redshift (P = 0.42). Figure 6 shows the redshift evolution of the derived stellar masses. We confirm the result of S07 that HzRGs have high stellar masses at every redshift. However, we now find a trend for the z > 3 radio galaxies to be slightly less massive (P = 0.0044). The drop in stellar mass becomes apparent only at z 3. Considering only the subset of sources at z < 3, the correlation becomes insignificant (P = 0.19). We caution that the putative mass decrease is based on only 11 reliable stellar mass determinations at z > 3, and the decrease in stellar mass is very small: the median stellar mass of z < 3 HzRGs is 2.3 × 10 11 M ⊙ versus 1.6 × 10 11 M ⊙ for z > 3. If confirmed, the difference would indicate that radio galaxies are still forming at z > 3 but have already assembled the bulk of their stellar mass by z ∼ 3. This pivotal redshift is consistent with the increase in the submillimeter detection rate of radio galaxies at z > 3, where submm flux densities above a few mJy imply extreme star formation rates exceeding 1000 M ⊙ yr −1 (Archibald et al. 2001; Reuland et al. 2004) . A more elaborate spectral decomposition would be required to better quantify the reality of this small drop in stellar mass. In particular, rest-frame visible and UV photometry and polarimetry are needed to properly extrapolate the scattered and transmitted AGN contributions. In addition, dust obscuration may affect even restframe near-IR emission in the host galaxy (e.g., Dey et al. 2008) . While the bright submm emission in some z > 3 radio galaxies suggests they may indeed contain large amounts of dust (though the submm brightness is most likely dominated by higher star formation rates), we do not expect this dust to cause large obscurations because HzRG extended emission lines, in particular Lyα, are less obscured at z > 3 than at z < 3 (Villar-Martín et al. 2007 ).
4.1.1. Dependence of stellar mass on radio luminosity and black hole activity Figure 7 revisits the marginal correlation between stellar mass and radio power discussed by S07. Our new plot is more reliable in two ways: (i) it uses the more nearly isotropic 500 MHz rather than the 3 GHz radio luminosity, and (ii) it has more reliable determinations of stellar mass upper limits (see §3.3). Our full data set confirms the result of S07 that radio power and stellar mass are not significantly correlated (P = 0.26). The absence of a stronger M stellar -L 500 MHz correlation is slightly surprising given previous claims of a correlation between radio power and observed K-band magnitude (Eales et al. 1997; Best et al. 1998; Jarvis et al. 2001; De Breuck et al. 2002; Willott et al. 2003) . Apart from the difficulty in disentangling redshift and radio luminosity effects in samples affected by a strong Malmquist bias, the correlations with K-band magnitude apparently stem from other components that correlate with radio power such as transmitted and/or scattered quasar light, neb- ular emission (continuum and/or lines), or (in the lowredshift objects) the tail of the hot dust emission. The limited radio luminosity range of our sample and the small spread in stellar masses make it difficult to detect any but a strong correlation. However, we can also turn this argument around and suggest that the low stellar mass spread is proof that radio power, stellar mass, or both are not strongly correlated with the accretion properties of the central supermassive black hole (SMBH). The correlation between the mass of the nuclear black hole and the stellar bulge is now well established (Magorrian et al. 1998; Häring & Rix 2004) . If this relation also holds for HzRGs, the small range in stellar masses would also imply a small range in black hole masses. Based on spectroscopy of six broad Hα lines in HzRGs 15 , Nesvadba et al. (2010) do indeed find all black hole masses in the range M BH = 3 × 10 9 to 2×10 10 M ⊙ , which puts them only slightly offset from the local M BH -M bulge relation. While further M BH determinations would be needed to check this trend, it seems likely that HzRGs contain SMBHs with masses similar to those expected.
On the other hand, low frequency radio luminosity is only one of the estimators of the jet kinetic power (Willott et al. 1999; Cattaneo & Best 2009 ) and hence black hole activity. Comparisons with other measurements, such as the amount of kinetic power needed to create X-ray cavities (Bîrzan et al. 2008 (Bîrzan et al. , 2010 Cavagnolo et al. 2010) , show that there can be an uncertainty of more than an order of magnitude in this determination. Intrinsic spread in the radio luminosityjet power relation, environmental effects (e.g., density of the medium in which the radio source is expanding), and variations in the Eddington ratios of SMBHs of similar mass may therefore imply that the 500 MHz luminosity does not provide a very reliable measure of the black hole properties, at least not in the limited 2 dex range of the most luminous HzRGs studied by our sample.
Mid-IR luminosities
Before the launch of Spitzer, AGN-heated dust emission remained a virtually unexplored component in z > 1 radio galaxies, apart from mostly upper limits obtained by the Infrared Space Observatory (e.g., Meisenheimer et al. 2001; Andreani et al. 2002; Haas et al. 2004 ). S07 presented Spitzer results regarding the mid-IR luminosities of HzRGs, and Section 3 advances the argument that the λ rest > 3 µm emission of HzRGs is dominated by hot dust. The complete IRS 16 µm and MIPS 24 µm photometry presented herein permit further analysis. Hot dust emission was detected in 57 out of 70 HzRGs; the non-detections are mainly at z > 3 and likely are a result of using a fixed integration time per object. This section examines the characteristics of the hot dust emission and what it can reveal about AGN activity. We selected a restframe wavelength of 5 µm in order to use a consistent luminosity throughout the redshift range in our sample. Contributions from stellar emission are negligible at this wavelength (see Appendix A).
Orientation effects
Low-frequency radio emission is considered to be one of the most nearly isotropic components seen in distant AGNs. In contrast, mid-IR emission originates from the innermost regions of the torus and is expected to be much less isotropic due to obscuration effects. The mid-IR luminosity in type 2 AGNs does indeed appear to be fainter (= more obscured) than in type 1 AGNs from the same parent radio-selected samples, providing strong support for the orientation unification model (Shi et al. 2005; Haas et al. 2008; Leipski et al. 2010) .
While our sample is also selected at low frequency, it contains only type 2 AGNs as determined from their restframe ultraviolet (observed visible) spectra. However, our mid-IR SEDs show a large variety, ranging from clearly host-galaxy-dominated sources to SEDs that are almost indistinguishable from those of type 1 AGNs (Fig. 3 ). This suggests a gradual transition from highly obscured type 2 AGNs all the way to unobscured type 1 AGNs. To verify this hypothesis, we have checked whether radio morphological parameters can be used as independent indicators for orientation. Both radio size (e.g., Barthel 1989) and radio core dominance (e.g., Orr & Browne 1982) have been suggested as measures of orientation. The largest radio size, θ, and the hot-dustdominated L 5 µm show a likely correlation (P = 0.014). This suggests that θ is probably an indicator of orientation but not a very reliable one. On the other hand, Figure 8 shows that the core fraction at restframe frequency 20 GHz, CF 20 , is strongly correlated with L 5 µm (P < 0.0001). As we could determine core fractions of only 34 of our 70 sources, we caution that this analysis is not complete. Most of the 25 double-component sources have radio cores too faint to be detected in the current radio maps and are expected to have core fractions CF 20 << 1%. These 22 sources (marked by a 'D' on the righthand side of Fig 8) have a median log(L 5 µm /L ⊙ ) = 11.7 and will fall close to the existing correlation. The remaining 8 single-component sources have a median log(L 5 µm /L ⊙ ) = 11.8, but without higher spatial resolution observations we cannot estimate their CF 20 . However, they represent only 11% of the sample and are unlikely to be able to remove the correlation completely. We now examine the physical origin of this correlation between the synchrotron-dominated radio emission and the hot dust dominated λ rest = 5 µm emission. (As argued in §3.2, a direct contribution from synchrotron emission at λ rest = 5 µm can be neglected.) Higher core fraction sources are more strongly beamed, which can be understood if the radio jet is oriented closer along the line of sight of the observer (e.g., Orr & Browne 1982) . These sources are therefore more similar to type 1 AGNs. The higher hot dust luminosity in them (Fig. 8) also indicates less obscuration, consistent with a more direct view of the inner parts of an obscuring torus perpendicular to the radio jet. This interpretation was recently confirmed by Leipski et al. (2010) , who used Spitzer/IRS spectroscopy to show that the silicate absorption depth τ 9.7 µm increases with decreasing radio core fraction (but see Landt et al. 2010 for a different view). Based on a sample of 31 3C radio galaxies, Ogle et al. (2006) claimed that radio morphology is not a reliable predictor of nuclear mid-IR luminosity. However, considering only their 13 "mid-IR luminous" radio galaxies, there does seem to be a correlation, consistent with our results which are based on a sample three times larger. If the radio jets in the more core-dominated and more luminous hot dust sources are indeed oriented closer to the line of sight, we would expect other anisotropic parameters to increase also. Examples include the equivalent widths of the [O II] λ3727Å and [O III] λ5007Å lines, both of which are known to correlate with radio core dominance in type 1 AGNs (Baker & Hunstead 1995) . Deep restframe visible spectroscopy of our sample is currently underway and should be able to test this hypothesis (Nesvadba et al. 2011, in prep.) .
We conclude that the radio core fraction is a powerful indicator of the expected mid-IR luminosity because it provides a measure of the obscuration. As a result, the spread in L 5 µm in our sample is in large part driven by obscuration/orientation effects with the most coredominated sources being the least obscured ones. Figure 9 suggests a trend of rising restframe 5 µm luminosity with redshift, which is confirmed by our generalized Spearman rank analysis (P = 0.0021). Before interpreting this correlation in terms of evolution of the dust content or emissivity, it is important to consider three selection effects. First, the 5 µm luminosity is even more strongly correlated with radio power (see below), and there is a small remaining Malmquist bias in our radioselected sample (see §2.1). This combined effect can amplify the redshift evolution of L 5 µm , though it is unlikely to imprint a correlation as strong as observed. Second, as shown in §4.3.1, orientation effects can strongly influence L 5 µm . However, the core fractions are distributed quite evenly in redshift, suggesting that there is no redshiftdependent obscuration effect. Third, 9 out of 11 upper limits on L 5 µm are at z > 3 compared to 13 detections at z > 3. As shown by the survival analysis, the data still indicate a real correlation, though deeper mid-IR photometry at z > 3 will be needed to quantify the actual strength of the correlation. If confirmed, this would indicate that higher-redshift AGNs are more efficient in heating dust.
Evolutionary effects
Correlation with radio power
Several authors have compared the hot dust emission from distant radio-loud AGNs at 8 < λ rest < 30 µm with the 178 MHz radio luminosity (e.g., Shi et al. 2005; Ogle et al. 2006; Cleary et al. 2007; Haas et al. 2008) . They found that type 1 AGNs show a clear positive correlation with a scatter of roughly an order of magnitude. Type 2 AGNs show more scatter and generally fainter hot dust emission because of obscuration, though the upper end of the type 2 range reaches the locus of the type 1 AGNs. Figure 10 plots 5 µm luminosity against 500 MHz radio luminosity density for our sample and shows a strong correlation (P < 0.0001). The correlation is equally significant when using the 3 GHz luminosity instead. Obscuration will scatter sources downwards in Fig. 10 , and it is remarkable that the observed correlation is so strong despite the orientation effects discussed in §4.3.1. We can get an idea of the intrinsic scatter by considering only the sources with log L 5 µm /L ⊙ > 12.5, which are likely to experience only minimal extinction. These 8 sources cover a range of radio powers 28.3 < log L 500 MHz < 29.3. If all sources within this radio power range have the same intrinsic log L 5 µm , they exhibit up to 2 orders of magnitude of extinction. The fact that none of the 23 sources with log L 500 MHz < 28.3 has log L 5µm /L ⊙ > 12.5 indicates that the ratio L 5 µm /L 500 MHz has an upper limit around a few hundred (see dotted lines in Fig. 10 ). However, it is impossible to determine the intrinsic spread in L 5 µm /L 500 MHz because of the range of extinction in L 5 µm . Orientation effects will increase the spread in the L 5 µm -L 500 MHz plane, and the intrinsic correlation may be even stronger than observed.
The L 5 µm -L 500 MHz correlation implies that both are related to the energy output of the SMBH despite the vastly different spatial scales of the emission. The hot dust emission originates from the inner regions of the host galaxy near the SMBH on scales which may be as small as a few pc (e.g., Jaffe et al. 2004) , while the radio luminosity is dominated by the extended radio lobes often extending beyond the host galaxy and reaching scales up to hundreds of kpc (Table 2) . It is therefore remarkable that the scatter in the relation is limited to only two orders of magnitude. Naively, one might have expected a much larger spread, as it may be influenced by several effects such as (i) orientation effects as discussed above, (ii) different Eddington accretion rates onto the SMBH, (iii) time delays related to the very different size scales of the emitting regions, (iv) different dust distributions or compositions (e.g., in 6C 0032+412, see §4.1.2), and (v) environmental effects related to the medium in which the extended radio sources are expanding. The fact that the radio luminosity is more strongly correlated with hot dust emission than with the stellar mass of the host galaxy ( §4.2.1) suggests that variations in the Eddington ratio of the AGN may be the dominant factor in driving both the radio power and hot dust emission. Hickox et al. (2009) and also suggest that radio-loud AGNs show a larger range in Eddington luminosity than X-ray and mid-IR selected AGNs.
Absence of a correlation with stellar mass
Does hot dust emission depend on the mass of the host galaxy? Figure 11 plots the hot dust dominated 5 µm luminosity against stellar mass, showing that the two are uncorrelated (P = 0.73). The upper limits in the top right corner illustrate the success of our color-color selection criterion to identify hot dust dominated SEDs ( §3.3, Fig. 4) . The absence of a correlation also suggests that AGN luminosity is independent of stellar mass, though we warn that orientation effects ( §4.2.1) make L 5 µm not a reliable measure of AGN luminosity.
Notes on individual sources
Radio galaxies are often complex systems consisting of several components. Therefore, our Spitzer photometry is occasionally affected by companion and/or foreground objects. We have visually inspected the sixband Spitzer images for our entire sample, using multiwavelength data in the literature to determine the correct astrometric identifications as listed in Table 1 . In most cases, we found an unambiguous radio source counterpart. The next two subsections describe all special cases, first sources with multiple AGNs ( §4.3.1) followed by detailed discussions of a few additional interesting sources ( §4.3.2). Figure 11. Stellar mass versus 5 µm luminosity. The lack of correlation implies that our criteria to isolate hot-dust dominated SEDs are successful and that stellar mass is uncorrelated with 5 µm luminosity.
Binary AGNs
As shown in §4, HzRGs are massive galaxies hosting a SMBH. If such massive galaxies are formed in a series of merger events as predicted by the standard Λ Cold Dark Matter paradigm, we expect that merging massive galaxies will coincide with merging central SMBHs (e.g., Comerford et al. 2009 ). Observationally, this may manifest itself as a second AGN near the HzRG, or -at later stages in the merger event -by perturbed morphologies as observed in low redshift radio galaxies (e.g., Ramos Almeida et al. 2010). The low spatial resolution of Spitzer, particularly at the longest wavelengths, limits such studies to companion AGNs at many-kpc distances rather than the sub-kpc separations in later stages of merging. The mid-IR images show evidence for a second AGN in four HzRGs in our sample ( Fig. 12 ; discussed in RA order):
4C 60.07 (z = 3.788): Ivison et al. (2008) showed that this system consists of two AGNs separated by 4 ′′ (30 kpc). The radio galaxy (A), as identified by the radio core, remains undetected in the hot dust emission beyond 4.5 µm, while the companion object B, which currently lacks a spectroscopic redshift, has very red hot dust emission characteristic of an obscured AGN. An initial claim of a CO(1-0) redshift for this second AGN (Greve et al. 2004) could not be confirmed in the re-analysis of those data (Ivison et al. 2008 ), but the (sub)mm dust continuum morphology looks consistent with both targets being at the same redshift.
3C 356 (z = 1.079): There are two potential identifications for the location of the radio-loud AGN. Based on the detection of scattered broad line regions with a polarization angle perpendicular to the "dumbell" structure of the galaxy, Simpson & Rawlings (2002) argued that the northwestern object a is the most likely location, but object b, offset by 4.
′′ 5 (36 kpc), may also contain an AGN. Both targets were spectroscopically confirmed to be at z = 1.079. Cimatti et al. (1997) showed that object a has a high restframe UV polarization, clearly indicating the presence of a hidden AGN. We detected both objects in all four IRAC bands, though only object a has strong mid-IR dust emission seen with IRS and MIPS. This provides further support for the conclusion that object a is the location of the radio galaxy host, while object b is a companion object. Tables 3 and 5 ′′ (48 kpc) of the radio galaxy, two of which were spectroscopically confirmed by Galametz et al. (2010) to be at the same redshift as the radio galaxy. One of them is a mid-IR selected AGN. Both this AGN and a passively evolving BzK-selected (pBzK) galaxy were individually detected with IRAC but only marginally resolved with IRS and MIPS. Tables 3 and 5 provide photometry of both objects; as the HzRG and AGN are not fully spatially resolved in the IRS 16 µm and MIPS 24 µm images, we estimated the relative fluxes between the HzRG and AGN by summing the pixel values in a fixed circular 6 pixel radius aperture using the positions from the IRAC 3.6 µm image (Fig. 12) as centroids. The derived ratios of 50%/50% at 16 µm and and 20%/80% at 24 µm should be considered approximative. This paper uses the revised redshift of the HzRG from Galametz et al. (2010) .
MRC 2048−272 (z = 2.060): No radio or X-ray core was detected in this radio galaxy Overzier et al. 2005) . Pentericci et al. (2001) detected two sources, separated by 2.
′′ 5 (21 kpc), in NICMOS Hband imaging and considered the easternmost one as the most likely AGN host. This is consistent with the Lyα halo, which extends for ∼5 ′′ along the radio axis (Venemans et al. 2007 ). We detected both components in the IRAC 3.6 and 4.5 µm images. However, at longer wavelengths only the western source is detected, suggesting it also contains an AGN. This configuration is reminiscent of 4C 60.07.
Other Sources
6C 0032+412 (z = 3.670): This HzRG is the only one where our standard 3-component dust model (using T = 60, 250, and 500-1500 K, see §3.2) could not fit the SED. First, we had to increase the temperature of the T = 250 component to T = 650 K. In addition, this is the only source where we required T = 1500 K for the hottest dust component compared to a median T = 800 K . A near-IR bump caused by a T ∼ 1500 K dust component has been seen in several quasars (e.g., Gallagher et al. 2007; Mor et al. 2009; Leipski et al. 2010) and is generally associated with graphite dust near the sublimation temperature (e.g., Barvainis 1987) . The very high temperature necessarily locates the dust very close to the AGN. Leipski et al. (2010) argued that this very hot dust emission is either more highly extincted or completely absent in radio galaxies. While this object is the only example in our sample, it does represent the first counterexample to the radio galaxy trend. 6C 0032+412 is a bona-fide type 2 AGN as derived from its narrow-line UV and visible spectroscopy (Jarvis et al. 2001) . The modest 2% radio core fraction (Table 2) 
GHz map, as the core.
6C* 0132+330 (z = 1.71): We identify the central component seen at both frequencies as the radio core.
6C 0140+326 (z = 4.41): Rawlings et al. (1996) argued that this radio galaxy is gravitationally lensed by a foreground (z = 0.927) galaxy 1.
′′ 6 to the southeast. This foreground L * galaxy has an ellipsoidal shape in both the Keck/NIRC K-band image and the HST/NICMOS F160W image (Lacy 1999) . Our Spitzer photometry at 3.6 and 4.5 µm is dominated by strong a strong foreground star, while the 16 and 24 µm photometry are dominated by mid-IR emission from the lensing galaxy. The radio galaxy itself appears undetected in all but the 5.8 or 8 µm emission, where it is only marginally detected and contaminated by the foreground galaxy. We therefore provide only relatively shallow upper limits based on the detection of the foreground galaxy.
MRC 0251−273 (z = 3.16): Our radio map (Appendix B) shows five bright components at 8.46 GHz as well as diffuse emission to the north-northwest (mainly at 4.85 GHz). The lower-resolution radio map of Kapahi et al. (1998) confirms that this diffuse emission is real. Within the radio structure, there is only a single IRAC identification, coinciding within 0.
′′ 3 with the northernmost of the bright components in the 8.46 GHz map. We therefore identify this component as the radio core. This radio morphology resembles that of B2 0902+34 (Carilli 1995) . The radio jet is probably aligned relatively closely to the line of sight, with the complex south-southeastern radio structure being the approaching radio jet.
MRC 0324−228 (z = 1.894): The NICMOS image of this radio galaxy (Pentericci et al. 2001 ) reveals two potential host galaxies separated by 1.
′′ 5 (12 kpc). Our Spitzer imaging does not resolve them as individual sources, though it does show an extended structure along the same north-south orientation. Our new radio data tentatively detected a faint radio core at 4.86 GHz, coinciding with the southernmost of these two identifications, which we have adopted as the host galaxy. There are also two nearby objects that may contaminate the MIPS photometry.
MRC 0350−279 (z = 1.90): No radio core is detected in our new radio maps.
5C 7.269 (z = 2.218): No radio core is detected in our new radio maps.
6C 0820+3642 (z = 1.860): The new radio imaging detects a faint radio core, which is most obvious in the 8.46 GHz map.
6C 0901+3551 (z = 1.91): No radio core is detected in our new radio maps.
USS 1243+036 (z = 3.570): Our Spitzer photometry is not sufficiently sensitive to exclude a possible contribution from hot dust at rest-frame 1.6 µm. The derived stellar masses are therefore formally considered as upper limits, although the 3.5 and 4.5 µm photometry suggests they are most likely uncontaminated by hot dust.
USS 1707+105 (z = 2.349): The new radio imaging detects a faint radio core, which is most obvious in the 4.86 GHz map.
LBDS 53W002 (z = 2.293): The IRS and MIPS photometry are possibly contaminated by a galaxy ∼4
′′ to the northwest (Keel et al. 2002) . This galaxy is most likely at a different redshift than the AGN host as it does not appear in the [O III] and Hα narrow-band imaging of Keel et al. (2002) .
7C 1751+6809 (z = 1.54): No radio core is detected in our new radio maps.
7C 1805+6332 (z = 1.84): The new radio imaging detects a faint radio core, which is only seen in the 8.46 GHz map.
TXS J1908+7220 (z = 3.530): Using integral field spectroscopy, Smith et al. (2010) argued that this broad line radio galaxy is a system of two vigorously starforming galaxies superimposed along the line of sight and separated by ∼1300 km s −1 in velocity. The detailed SED decomposition of Smith et al. (2010) also showed that the near-IR emission of this HzRG is dominated by transmitted quasar continuum. While the hot dust continuum does not contribute substantially at λ rest = 1.6 µm, this transmitted quasar continuum prevents us from measuring the old stellar population, and we provide only an upper limit to the stellar mass.
TN J2007-1316 (z = 3.84): We identify the second component from the north as the radio core. This component is spatially resolved only in the 8.46 GHz map.
MG 2144+1928 (z = 3.592): Our Spitzer photometry is not sufficiently sensitive to exclude a possible contribution from hot dust at rest-frame 1.6 µm. The derived stellar masses are therefore formally considered as upper limits, although the 3.5 and 4.5 µm photometry suggests they are most likely uncontaminated by hot dust.
SUMMARY AND CONCLUDING REMARKS
The main results from our full six-band Spitzer imaging survey of 70 radio galaxies at 1 < z < 5.2 can be summarized as follows:
1. Using a newly designed criterion to isolate sources dominated by hot dust emission at λ rest =1.6 µm, we unambiguously detect a stellar population in 46 radio galaxies and hot dust emission in 59.
2. Four of the 70 HzRGs show a second AGN within 6 ′′ , as revealed by their mid-IR colors. This may be an indication of an ongoing or imminent major merger event.
3. The stellar masses have a remarkably low scatter around ∼2 × 10 11 M ⊙ . There is tentative evidence for a small drop in stellar mass at z > 3. If confirmed by more detailed spectral decompositions, this result suggests that radio galaxies have built the bulk of their stellar populations by z ∼ 3. This is consistent with the observed increase in their submillimeter luminosities, suggesting higher star formation rates, at z > 3.
4. The radio core fraction is strongly correlated with restframe 5 µm luminosity. The most coredominated radio galaxies are also the most luminous (i.e., least obscured) hot dust emitters. This suggests a gradual increase of the hot dust obscuration from type 2 to type 1 AGNs, consistent with the orientation paradigm of AGN unification. It also complicates the use of λ rest = 5 µm luminosity as an indicator of AGN power.
5. The 500 MHz radio luminosity is only marginally correlated with stellar mass but strongly correlated with the hot dust luminosity at λ rest = 5 µm. Variations in the Eddington ratio of the SMBH could explain these trends.
Our Spitzer sample provides an unique database to study the massive host galaxies of powerful radio galaxies, their AGN-heated dust emission, as well as their environments. In future papers we plan to study the stellar populations in greater detail by combining the Spitzer data with visible and near-infrared data to better constrain the HzRG star formation histories and thus derive more accurate stellar masses and ages. We also plan to observe the cold dust component with the Atacama Large Millimeter and submillimeter Array (ALMA) and the peak of the dust emission with Herschel Space Observatory. This full SED will allow to separate the hot AGN from the cool, starburst-heated dust emission, providing more accurate measures of the instantaneous star formation rates. This combined dataset will provide a unique view of the star formation history in these very massive galaxies at every epoch.
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Facilities: Spitzer,VLA Figure 13 presents the Spitzer SEDs for our complete HzRG sample, including model fits to the mid-IR photometry, ordered by redshift. Figure 13 . Radio galaxy SEDs and model fits. Lower abscissas are marked with observed wavelengths, and the scales are the same for all objects.
APPENDIX
SED FITS TO RADIO GALAXIES AND NOTES ON INDIVIDUAL SOURCES
Upper abscissas are marked with restframe wavelengths, which depend on wavelength for each object. Filled circles with error bars denote data points used in the fit; open circles denote data points that could be contaminated by emission lines and are therefore not used in the fits. Model components are a stellar population (green dashed lines) and two or three pure blackbodies (red dotted lines) representing dust emission. The sum of the model components is shown by solid black line. The name and redshift of each target is marked at the top of the panel. A downward arrow at λrest=1.6 or 5 µm indicates an upper limit on the stellar or hot dust emission, respectively. Figure 14 presents the new VLA A-array radio maps. 
NEW RADIO MAPS OF SOURCES IN OUR SAMPLE
